Pregnenolone (1), coniferylferulate (2) and nine mono-and dihydroxyphthalide derivatives (5-13) were isolated from the commercial C. officinale rhizome. Their structures were determined from the spectroscopic data and the dihydroxyphthalides senkyunolide-H (11) and -1 (12) and senkyunolide-J (13) were synthesized from the major components ligustilide (14) and senkyunolide-A (16), respectively. These oxygenated phthalides were absent in the fresh C. officinale rhizome and they were shown to be derived from the major volatile phthalides during storage of the crude drug . Coniferylferulate (2) also decomposes partly during storage, giving ferulic acid.
Senkyu, the dried rhizome of Cnidium officinale MAKINO (syn. Ligusticum officinale KITAGAWA, Umbelliferae) is One of the most frequently occurring drugs in the prescriptions of Chinese traditional medicine used in Japan. C. officinale is a variety of L. wallichii, the original plant of the important crude drug chuan xiong in China, and used in Japan for the same purpose as L. wallichii. It contains a variety of volatile non-polar alkylphthalide derivatives which have been shown to have antifungal and smooth muscle relaxing activities.2,3)In contrast, its more polar and non-volatile components had been less well characterized. During the analysis of commercial C. officinale extract, we found significant amounts of unidentified components in the non-volatile fraction of the mixture. Some of them were absent or present in very minor amounts in the fresh material. Since crude drugs are generally administered after some processing and storage, analysis of these minor components possibly derived from the major original components would be of importance. The present report describes our finding that significant amounts of previously unknown components are contained in commercial C. officinale rhizome.
The dried rhizome of C. officinale was extracted with hexane, ether and methanol and the crude lipids obtained were partitioned with a mixture of hexane-methanol-water (20 : 10 : 2). This simple solvent fractionation was remarkably efficient for the removal of triglycerides, which are often the predominant components of animal and plant tissues. Double application of this fractionation made the methanol layer free from triglycerides and most of the phthalides remained in the methanol layer. The methanol layer contained unidentified polar compounds. Repetitive flash chromatography over a column of silica gel afforded compounds 1-13.
Pregnenolone
(1 3 .50 (1H, m)] spectra, which were identical with those of the authentic compound. Compound 1 occurred in the C. officinale rhizome entirely as the free steroid. Acid treatment of the glycoside fraction of the extract only gave a small amount of phytosterol mixture but no trace of 1. This is the first demonstration of the occurrence of C21 steroid in Umbelliferae plants. 4 ) Although C21 steroids have been found in a variety of plants, most of them occur as the oxygenated aglycone of the glycosides. There are a very few examples, such as in some Apocynaceae plants, in which pregnenolone was found.5) Since 1 is the common precursor of all of the hormonal steroids and since C. officinale has traditionally been used in prescriptions for obstetrical and gynecological disorders, the possible significance of 1 in the crude drug is of interest. The amount of 1 found in fresh and commercial C. officinale was about 1 mg in 30 g of dried material. It is known that orally administered pregnenolone is mostly excreted through the enterohepatic circulation in a short period.6) However, the average level of pregnenolone in human plasma is generally less than 10 ng/ml,7) a minute amount compared with the total pregnenolone contained in general prescriptions of senkyu, the dried rhizome of C. officinale. Isolation of Hydroxyphthalides (5-13) Compounds 5 to 13 were found to be the hydroxy derivatives of the major non-polar alkylphthalides, ligustilide (14),9) butylidenephthalide (15),101 and senkyunolide (16).1°1 To simplify the nomenclature of these new compounds, senkyunolide (16) previously isolated by Yamagishi and Kaneshima10)from C. officinale was renamed senkyunolide-A by agreement with them, and the compounds 5 to 13 were designated as senkyunolide-B to senkyunolide-J. hydroxymethine proton at (54.87 (dt, J= 8.8, 6.8 Hz) was found by a decoupling experiment to be coupled with the C-8 olefinic proton at 6 5.66 (d, J =8.8 Hz). Consequently , senkyunolide-E (8) was shown to be 9-hydroxybutylidenephthalide. Senkyunolide-F (9), C12F14O3, was the major component of the hydroxyphthalides found in C. officinak. It was a monohydroxy derivative of the major volatile alkylphthalide ligustilide (14) . Its IR (3400, 1760, 1665 cm-1) and UV [283 nm (e, 6300), 296 nm (r, 6100) , 323 nm (c, 7300)] spectra were virtually the same as those of 14 [IR, 1760, l670 cm-1; UV , 283 nm (c, 8100), 296 nm (c, 7600), 324 nm (r, 9500)] .10) The 1H-NMR chemical shifts of the C-6 and C-7 olefinic protons were observed at 6 6 .06 (dt, J =9.8, 3.9 Hz) and 6.29 (dt, J =9 .8, 2.0 Hz). The hydroxyl group was shown to be attached at C-9 , by decoupling of the signals of the hydroxymethine proton at 6 4.74 (dt, J= 8.3, 6.4 Hz) and the C-8 olefinic proton at 6 5 .23 (d, J= 8.3 Hz). Thus senkyunolide-F (9) was shown to be 9-hydroxvli2ustilide. It is suscentible to autoxidation and during storage in the presence of air it changed gradually into senkyunolide-E (8).
Senkyunolide-G (10), Ci2H1603, was a monohydroxy derivative of senkyunolide A (16 Senkyunolide-J (13), C12H1804, [7] D-11 (CHCl3), was also found to be a glycol derivative of senkyunolide-A (16). It showed the C-3 methine proton at 64.86 (dd, J= 7.3, 2.9 Hz) and two hydroxymethine protons of the glycol group at 63.95 (ddd, J= 8.8, 5.9, 2.9 Hz) and 4.41 (br d, J= 5.9 Hz). The retro-Diels-Alder cleavage ion was observed at m/z 182 (C10H14O3). Glycolation of 16 by the same procedure as above afforded 13. Consequently, the structure of senkyunolide-J (13) was established as 6, 7-E-dihydroxysenkyunolide-A, though the absolute configuration is unknown.
Thus, nine hydroxylated phthalides were isolated from the commercial C. officinale rhizome. The geometry of the butylidene side chain in compounds 5, 6, 8, 9, 11, and 12 was shown to be Z. This was indicated by the chemical shifts of the C-8 olefinic protons and from the formation of trace amounts of less stable E-isomers on storage of the purified samples. Fig. 1 Banerjee et al. showed that the chemical shift of the olefinic proton at C-8 of the E-isomer of 14 was shifted 0.51 ppm downfield from that of the stable Z-isomer.13) In the present study, the downfield shifts observed in the unstable E-isomers were 0.44 ppm in 9, 0.52 ppm in 11, and 12, and 0.25 ppm in 6 and 8. In contrast, compound 5 was stable and no isomerization product was found.
Except for 13, all the hydroxyphthalides isolated were optically inactive and compounds 7 to 12 were supposed to be racemic mixtures. Hydroxyphthalides obtained in the present study from the commercial material (2 kg) amounted to 1.95 g which is about one sixth of the total phthalide fraction. Of these, the major products were senkyunolide-F (9) and senkyunolide-I (12). Since the fresh C. officinale rhizome did not contain any of these hydroxylated phthalides (Experimental), they were supposed to be derived from the major phthalides ligustilide (14) or senkyunolide-A (16) during storage. Thus fresh and stored samples of this crude drug show marked differences in the contents of major constituent phthalides, ferulic acid and coniferylferulate. The effects of this on the quality and pharmacological evaluation are unknown, and are currently under investigation.
Experimental
Melting points were determined on a Kofler hot stage and are uncorrected. Optical rotations were determined on a JASCO DIP-4 digital polarimeter. 1H-N MR spectra were determined on a JEOL FX 200 spectrometer at 200 MHz in CDCl3 solution with tetramethylsilane as an internal standard. MS were determined on JEOL JMS D-300 (EI-MS) and JEOL JMS 01SG-2 (FD-MS) spectrometers. IR spectra were taken on a JASCO A-102 spectrometer. Column chromatography was carried out by the flash chromatography method.14)
Fractionation of C. officinale Extract Commercial rhizomes of C. officinale, cultivated in Kitami, Hokkaido, were used. The dried and pulverized material (2 kg) was extracted thoroghly with hexane and ether, then with MeOH until the extract became colorless. The MeOH extract (70 g) was partitioned with a mixture of CHCl3-MeOH-H2O (8 : 4 3, 21) and the CHCl3 extract (15 g) was combined with the hexane and ether extract (72 g). It was partitioned with a mixture of hexane-MeOH-H2O (20 : 10 : 2, 21) and the upper layer and lower layer were separated. The upper layer was washed with the lower layer of the same solvent mixture as above. Similarly, the lower layer of the extract was washed with the upper layer of the solvent mixture. Evaporation of the combined two upper extracts gave 41 g of non-polar extract containing mainly glycerides. Also, evaporation of the combined two lower layer extracts gave 44 g of more polar components containing phthalides and polar lipids. A portion of this (21 g) was charged on a column of silica gel (500 g) and eluted with mixtures of hexane-ethyl acetate (1 : 4, frs. 1-5), hexane-ethyl acetate (3.5 : 6.5, frs. [6] [7] [8] [9] [10] [11] [12] [13] [14] , and 5% MeOH in hexane-ethyl acetate (3.5 : 6.5, frs. 15-19). The eluates (each 500 ml) were collected. Fractions 2-4 (10.5 g) were composed predominantly of volatile alkylphthalides with smaller amounts of fatty acids. was virtually a single diol. It was purified by the same procedure as described for 13 and identified by TLC examination as described in (a) and by IR spectral comparison with natural 13. General Procedure for the Small Scale Extraction and Separation of C. officinale Samples -Dried and pulverized rhizome C. officinale (30 g) was stirred for 30 min in a mixture of CHCl (80 ml), MeOH (40 ml) ad H2O (30 ml) and the extract was separated by suction filtration. The upper layer gave 6.3 g of H2O-soluble compounds after evaporation of the solvent. Similarly, the lower layer gave 1.25 g of total lipids. It was stirred in a mixture of hexane (50 ml), MeOH (25 ml) and H2O (5 ml) for 10 min. The upper layer gave triglycerides and other less polar lipids (0.79 g). The lower layer gave 0.48 g of polar lipid fraction. It was charged on a column of silica gel (Wako gel C-300, 2.2•~ 13.5 cm) and eluted with ethyl acetate-hexane (1 : 9, 300 ml), ethyl acetate-hexane (1 : 3, 400 ml), MeOHCHCl3 (1 : 9, 150 ml) and MeOH (100 ml), and the fractions (16 ml each) were collected. The components eluted were as follows: non-polar alkylphthalides (frs. 2-14). 4-7 and 10 (frs. 22-30). 1 (frs. 31-34). 8 (frs. 36-40). 9 (frs . 40-46). 2 (frs. 48-55). 3 (frs. 52-56). 11-13 (frs. 56-58). This procedure was also applied to a fresh C. officinale sample collected in Kitami, Hokkaido. The material (100 g) was homogenized directly in the solvent mixture (CHCl3-MeOH-H2O (8 : 4 : 3, 150 ml)) and the extract was submitted to the same procedure as described above. Comparison of the column chromatographic fractions from fresh and commercial samples showed virtually the same elution pattern except that the amounts of ferulic acid (3) and hydroxyphthalides (5-13) obtained from the fresh material were negligible.
